We studied the metabolism of chylomicrons in homozygous Watanabe heritable hyperlipidaemic (WHHL) rabbits and in cholesterol-fed or normally fed New Zealand White (NZW) rabbits by measuring the concentrations of apoprotein B-48 and of retinyl palmitate in their serum after feeding fat plus this vitamin according to two different protocols. Compared with NZW controls, retinyl palmitate accumulated in both hyperlipidaemic groups under study, not only in the d < 1.019 fraction but also in the low-density lipoprotein (LDL) fraction. A strong correlation was found between the retinyl palmitate concentration in either the d < 1.019 fraction or the LDL fraction of the WHHL rabbits and the concentrations of cholesterol and triacylglycerols in these fractions. This suggests that retinyl palmitate is exchanged rapidly between exogenous and endogenous lipoproteins. This is supported by the lack of a correlation between the retinyl palmitate concentrations and the intensity of the apoprotein B-48 band in the respective d < 1.019 fractions or LDL fractions; in most fractions, in which large amounts of retinyl palmitate were present, the intensity of the apoprotein B-48 band was not increased compared with the fasting concentrations. Assuming that retinyl palmitate is a marker for the transfer of exogenous lipids, the results of our experiments indicate that the removal of exogenous lipids is delayed by complexing to endogenously synthesized lipoproteins. However, the clearance of apoprotein B-48 is normal and thus independent of the LDL-receptor activity.
INTRODUCTION
The clearance of chylomicron remnants from plasma has been postulated to occur via a receptor-mediated process that is distinct from the removal of low-density lipoproteins (LDL) by the apolipoprotein (apo) B-100/E receptor (LDL receptor). The present understanding is based mainly on results of Kita et al. [1] , who found that the disappearance of injected radiolabelled chylomicrons from the plasma fraction of d < 1.006 was similar in homozygous Watanabe heritable hyperlipidaemic (WHHL) rabbits, which lack functional LDL receptors, and normal rabbits. By means of the retinyl palmitate labelling method, however, it was found that the clearance of lipoprotein particles of intestinal origin was delayed in WHHL homozygotes as well as in cholesterol-fed New Zealand White (NZW) rabbits [2] . In another study, lymph chylomicrons, radiolabelled in triacylglycerol and cholesteryl ester, were cleared more slowly in homozygous WHHL rabbits [3] . This suggests that chylomicron remnants are, at least in part, removed via the apo B-100/E receptor. This is in line with the deficient binding of chylomicron remnants to liver membranes of WHHL homozygotes [1] . To clear this apparent discrepancy in the literature concerning chylomicron metabolism in WHHL rabbits, we studied the appearance and disappearance of chylomicrons after feeding or loading fat by frequent determination of apo B-48 in the d < 1.019 fraction by SDS/PAGE. We also applied the retinyl palmitate labelling method, in which use is made of the specific incorporation of retinyl palmitate into chylomicrons in the intestinal mucosal cells. Retinyl palmitate is incorporated in the apolar core of chylomicrons and remains in the particle during transport in the lymphatic and vascular spaces [4] . In man, the suitability of this method has been demonstrated clearly, because the exchange of retinyl palmitate to lipoproteins of higher density is less than 10% [5, 6] .
For comparison with the experiments described above, we also performed studies in NZW rabbits fed on normal chow or chow supplemented with 1 % cholesterol.
MATERIALS AND METHODS Animals
Homozygous WHHL rabbits were raised by crossing and back-crossing with NZW rabbits. They were maintained on a regular chow diet (containing 2.6 % of energy from fat, including 1 % from polyunsaturated fat; LK04 diet, Hope Farms, Woerden, The Netherlands). NZW rabbits fed either on normal chow or on chow containing 1 [7] . Very-low-density lipoprotein (VLDL) was subfractionated by cumulative rate centrifugation as described previously [8] . In [8] . Each fraction was recovered by careful aspiration of the top 1 ml after each run, and the tube was then re-filled with 1 ml of d = 1.006 solution. After the fourth and final centrifugation, the LDL located in the middle of the tube was also isolated.
Analytical methods
Cholesterol and triacylglycerols in serum and in lipoprotein fractions were determined by enzymic methods using commercially available reagents (CHOD-PAP reagent from Boehringer, Mannheim, Germany, and Sera-PAK Triglycerides from Miles, Milano, Italy). Agarose-gel electrophoresis of lipoproteins was performed as described previously [9] . Apoproteins B-48 and B-100 were analysed by discontinuous analytical PAGE (3.5/4.5% gels) [10] . The d < 1.019 fractions and the LDL fractions isolated from 2 ml of serum were always diluted to the same volume, 1.5 ml and 2.0 ml respectively. Because of the large differences in concentrations, the gels were loaded with 100,al and 40 ,1 of the d < 1.019 fractions of NZW and WHHL rabbits respectively, and with 100,tl and 20,tu of the LDL fraction respectively. For the cholesterol-fed rabbits, the dilutions of the fractions and the amounts loaded on to the gels were similar to those for the WHHL rabbits. Retinyl palmitate concentrations were determined by h.p.l.c. (Si-60; Varian 8500) [11] . Samples to be analysed were kept in the dark and were frozen until assay.
For quantitative measurement, 20 u1 of retinal oxime (3.06 nmol) was added as an internal standard to 1 ml of each lipoprotein fraction. Extraction was performed with 2 x 4 ml of acetone/diethyl ether (1: 1, v/v). The recovery of retinyl palmitate after extraction was 85-95 % (n = 10). The extracts were combined, dried under nitrogen, and redissolved in 15 ,tl of dioxan. This solution was diluted with 100 4u1 of hexane, and 40,l of this mixture was applied to the Si-60 column and eluted isocratically. Eluted peaks were detected at 328 nm. Peak heights were converted into absolute amounts by means of the internal standard. (Fig. 1 ). These differences were much more pronounced in the samples obtained 24 h and 48 h after the fat load. In the controls, basal fasting values were already attained at 24 h after fat feeding, whereas in both other groups fasting values of retinyl palmitate were still increased 48 h after fat feeding. Assuming that retinyl palmitate is a valid marker for chylomicrons, these data would indicate that homozygous WHHL and cholesterol-fed NZW rabbits have a delayed removal of chylomicrons and their remnants. Surprisingly, after fat feeding to WHHL rabbits most retinyl palmitate was found in the LDL fraction, especially in the fasting sample after 24 h. In the cholesterol-fed NZW rabbits 3 times more retinyl palmitate was present in the d < 1.019 fraction Intragastric fat-loading test Retinyl palmitate concentrations in the d < 1.019 fraction rose steadily and similarly in both groups of rabbits in the first 9-13 h (Fig. 2) . In the NZW rabbits a peak was obtained 13 h after loading; in the WHHL rabbits a peak was reached after approx. 23 h, but at a much higher level. The increase of retinyl palmitate in the LDL fractions in both groups of rabbits showed a trend similar to that of the respective d < 1.019 fraction. In the NZW rabbits a plateau was reached after 13 
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fractions of rabbits to determine apo B-48 before and 24 h after consumption of fat Top: d < 1.019 fraction of NZW rabbits (n = 4, left), of WHHL rabbits before fat loading (n = 4, middle), and of WHHL rabbits 24 h after fat loading (n = 3, right). Gels were loaded with 100 ,ul and 40 ,1 of the d < 1.019 fraction from NZW and WHHL rabbits respectively. Middle: LDL fraction of NZW rabbits (n = 3, left), of WHHL rabbits before fat loading (n = 3, middle), and of WHHL rabbits 24 h after fat loading (n = 3, right). Gels were loaded with 100 ,1 and 20 #1, respectively. Bottom: d < 1.019 fraction of NZW rabbits fed with 1 % cholesterol before fat feeding (n = 3, left) or 24 h after fat feeding (n = 2, middle). At the right, LDL fractions of these rabbits 24 h after fat loading are shown. Abbreviations: H, the d < 1.019 fraction of a human pooled serum; E, apo E; A, apo A-1; B-48, apo B-48; B-100, apo B-100.
3). The corresponding LDL fraction used as reference contains two faint bands migrating faster than apo B-100, probably apo B-74 and apo B-26, rather than apo B-48. This is strengthened by the intensities of both minor bands: that of the presumed B-74 is 2-3-fold stronger than that of B-26, in agreement with their estimated molecular masses.
Measurement of apo B-48 after loading or feeding fat During the intragastric fat-loading test the variation in the intensity of the presumed apo B-48 band in the d < 1.019 fraction of WHHL rabbits was minimal. There was no clear relationship with the increase in vitamin A in the d < 1.019 fraction. Compared with apo B-100, the intensity of the presumed apo B-48 band was always less than 5 % (results not shown).
In the fat-feeding test a faint apo B-48 band was found in one of the four VLDL + IDL fractions analysed from fasted NZW rabbits (Fig. 4) . Similar fractions from fasted WHHL rabbits contained a faint band at the region specific for apo B-48; some other minor bands were also present. The day after the vitamin A-enriched food was consumed, the VLDL + IDL fraction from three of the four WHHL rabbits was negative for the presumed apo B-48 band (Fig. 4 ), despite the maximal values then found for retinyl palmitate in these rabbits.
Compared with NZW rabbits, the LDL fraction of the WHHL rabbits contained next to the apo B-100 band several other proteins with higher or lower molecular masses than apo B-100, probably apo B-200, apo B-100, apo B-74 and apo B-26; none of the bands had a migration similar to apo B-48 (Figs. 3 and 4) . This pattern did not change in the fasted samples obtained 1 day after fat-feeding (Fig. 4) .
In all the cholesterol-fed NZW rabbits, apo B-48 was present in the d < 1.019 fraction; the intensity of these apo B-48 bands did not change the day after the oral fat load (Fig. 4) . Again, some minor bands were present between the presumed B-48 band and apo B-100. The LDL fractions contained, next to the strong apo B-100 band, a clear band, presumably apo B-74, and two minor bands, probably apo B-48 and apo B-26; none of them increased in intensity the day after the oral fat load.
Agarose-gel electrophoresis
The samples obtained during the intragastric fat-loading test were also analysed for chylomicrons by agarose-gel electrophoresis. In none of the samples was a clear band with zero mobility seen on agarose-gel electrophoresis. After storage of the samples at 4°C for 24 h, no white turbid material had migrated to the meniscus. Both findings indicate that the samples are free from chylomicrons.
Flotation analysis
Serum from a NZW and a WHHL rabbit obtained at 29 h after fat-loading was fractionated into several flotation classes. In the Sf > 400 fractions from both rabbits no turbidity was present. In the serum of the WHHL rabbit, turbidity increased with decreasing Sf value and was maximal in the fraction with Sf values between 15 and 100. This was also the only fraction from the NZW serum that was slightly turbid. Surprisingly, the vitamin A content was related to the turbidity and lipid content of the VLDL subfractions and of LDL (Fig. 5) .
DISCUSSION
In the present study we found that rabbits, being omnivorous and therefore consuming only small amounts of fat, have an active chylomicron metabolism. The chylomicron particles are secreted by the intestinal lymph vessels at a maximal rate 6-14 h after intragastric loading. Surprisingly, retinyl palmitate concentrations in the d < [12] . The increased amounts of retinyl palmitate in the LDL fraction and in the VLDL + IDL fraction of WHHL rabbits must then be due to exchange of this vitamin between the chylomicrons and the endogenous lipoproteins during the conversion of chylomicrons into chylomicron remnants. That most of the retinyl palmitate in these fractions is associated with endogenous lipoproteins and not with chylomicrons or with their remnants can be deduced from the frequent absence of apoprotein B-48 in these fractions several hours after feeding or loading fat at time intervals when retinyl palmitate concentrations were elevated. In agreement with previous findings [13] , the intensity of the apoprotein B-48 band was always less than 5 [1] , the endogeneously produced lipoproteins carry large amounts of absorbed lipids, which alters their composition and which may also influence their interaction with the LDL receptor. Indeed, the binding of WHHL LDL to normal rabbit fibroblasts was lower than that of NZW LDL [17] . Furthermore, changes in the chemical composition of LDL, induced by partial ileal bypass, influenced their removal rate [18, 19] . al. [1] . If the chylomicron remnants contain sufficient amounts of apo E, they may be eliminated from the circulation by way of the defective LDL receptor, which hypothetically remains able to eliminate VLDL remnants [20, 21] . Note that less than 50% of binding capacity of the LDL receptors is needed to remove the B-48-containing particles. Otherwise, the LDL-related protein, which may function as the chylomicron receptor, may be involved [22] .
Our results on the time-dependent distribution of retinyl palmitate over the lipoprotein fractions are similar to those reported by Beaumont & Assadollahi [2] . However, owing to the concentration-dependent transfer of retinyl palmitate, it is very unlikely that the accumulation of retinyl palmitate in the LDL fraction at later stages reflects accumulation of very small chylomicron remnants [2] . This is supported by the absence of B-48 in our study in those LDL fractions with huge amounts of retinyl palmitate. Bowler et al. [3] studied chylomicron metabolism in WHHL rabbits after intravenous administration of washed heterologous radiolabelled rat chylomicrons. Most of the labelled lipids were removed from the circulation very rapidly. This raises the question whether these particles indeed mimic the kinetic behaviour of chylomicron remnants. Another approach to study the metabolism of chylomicrons was the use of artificial lipid emulsions [23] . This method appeared valid, from studies in rat and man [24, 25] . However, rats and man have only a limited lipid transfer capacity [14] . After injection of the emulsion it was found that the triolein component was cleared normally in WHHL rabbits, but the cholesteryl oleate clearance was delayed.
This was ascribed to accumulation of chylomicron-remnant-like particles [23] . However, it can be questioned whether there is sufficient time to acquire apo E from donor lipoproteins, if most of the lipids are already removed within 3-10 min. In comparison with the apo E content, which we found in the d < 1.019 fraction in our WHHL rabbits, the content found by the authors by incubation in vitro for 15 min was very low in relation to the intensity of the apoprotein B-100 band [23] . It is therefore possible that most of the lipid particles are removed by other ways, for example by means of the scavenger receptor. In addition, the preferential binding of cholesteryl oleate to triolein could also be explained by transfer reactions, with a preferential transfer of triolein to those particles with the shortest half-lives. Because in these studies the occurrence of any lipid transfer was completely neglected, the conclusions drawn by the authors [3, 24] about removal rate of chylomicrons in WHHL rabbits are questionable.
